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FOREST RETURN ON AN ABANDONED FIELD –   
SECONDARY SUCCESSION UNDER MONITORED CONDITIONS 
 
 
Abstract: The secondary succession pattern observed on an arable field abandoned 
since 1974 in Tilio-Carpinetum habitat is described and disscussed. Results obtained 
during 36 years of study confirm that succession on an abandoned field leads from a 
typical segetal community to the formation of a juvenile treestand composed of 
pioneer species. Our study supports the view that succession is a process which is 
largely dependent on the initial conditions and surrounding vegetation. The results 
indicate that some species can modify the course of this process, accelerating or 
slowing it down. Limitations of the method and prognosis of future vegetation 
development are also discussed.    
Key words: abandoned field, long-term study, permanent plots, species turnover, 
vegetation succession, Białowieża Forest, Poland  
 
1. INTRODUCTION 
Secondary succession, i.e. the restoration of forest communities after their 
destruction by natural factors or anthropogenic activity, is one of the most frequently 
analysed problems in studies on vegetation dynamics. Two principal methods are 
used to study this process. The first, and most popular, is that of chronosequence 
based on a description of floristic compositions developed at a certain time or at a 
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predicted time (e.g. CONELL, SLATYER 1977; VANKAT, SNYDER 1991; BRADY, 
NOSKE 2010); the second, less popular method is based on the long-term observation 
of permanent plots (FALIŃSKI 2003; BORNKAMM 2007). Both research approaches 
have their theoretical and practical limitations (see CONELL, SLATYER 1977; FOSTER, 
TILMAN 2000; FALIŃSKA 2003; JOHNSON, MYIANISHI 2008), which is why some 
authors strongly recommend their complementary use (BAKKER et al. 1996; FOSTER, 
TILMAN 2000; BORNKAMM 2007; MYSTER, MALAHY 2008). The integration of the 
two methods is difficult owing to the shortage of data obtained from a many-years’ 
observation series, as such a study requires follow-up of the process for twenty plus 
years or even centuries, which is longer than a researcher’s life (CONELL, SLATYER 
1977; FALIŃSKI 2001, 2003). 
Regardless of these difficulties, such studies are conducted because 
permanent plot studies with precise documentation of vegetation changes over long 
periods of time are thus of great interest in the testing of ecological models and 
hypotheses (BAKKER et al. 1996; FALIŃSKI 2003; BLATT et al. 2005; SCHMIDT 
2006). 
An example of these long-term studies on secondary succession are studies 
conducted since 1974 on permanent plots at the Experimental Ecological Garden of 
the Białowieża Geobotanical Station, Warsaw University, initiated and coordinated 
for many years by Professor Janusz Bogdan Faliński (FALIŃSKI 1986, 2002). 
According to the authors’ knowledge, this is the longest series of direct observations 
of old-field succession in Poland, and one of very few as long in Europe (PICKETT 
1982; OSBORNOVÁ et al. 1990; DEBUSSCHE et al. 1996; BALCERKIEWICZ, PAWLAK 
2006; DÖLLE et al. 2008). 
Results of the studies conducted in Białowieża have been partly published 
(FALIŃSKI 1986; ADAMOWSKI, KNOPIK 1996; FALIŃSKI et al. 2004; ADAMOWSKI, 
BOMANOWSKA 2007a, 2007b, 2007c; BOMANOWSKA, ADAMOWSKI 2007a, 2007b, 
2009). The main objectives of the current study are: i) to identify a successional 
pathway characterised by a sequence of different stages; ii) to indicate factors 
influencing change in the pathway of the studied process which do not occur, or 
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whose intensity is different, during the succession undisturbed by anthropogenic 
activity. 
 
2. MATERIAL AND METHODS 
The Experimental Ecological Garden of the Białowieża Geobotanical Station 
(BGS) of Warsaw University is located in the central part of the Białowieża 
Clearing, in typical subcontinental oak-hornbeam forest Tilio-Carpinetum typicum 
habitat. This area had been in agricultural use since the late 17th century, up to the 
moment of its acquisition by the BGS (FALIŃSKI 1986). The Garden came into 
existence in 1974 on an area of 1.2 ha in the location of a former arable field and 
mown meadow. The last cultivation, in 1973, were potatoes and cabbage, which 
were accompanied by a segetal community, Echinochloo-Setarietum, while the 
meadow was described as belonging to the Arrhenatheretum elatioris association 
(FALIŃSKI 1986, 2002). The garden is surrounded by a fence and divided into sectors 
connected by roads with a hardened surface. 
Two sectors were selected for long-term observations on the initiation and 
progress of secondary succession on an abandoned field and meadow under 
monitored conditions: sectors C and E, each with an area of 400 m2. Both permanent 
study areas are divided into 22 basic plots, each with an area of 10 m2 (6.25 m x 1.6 
m), separated by paths with a width of 30 cm. The plots are surrounded by an 
isolating belt which is 120-220 cm wide. A detailed description of the site of the 
experiment, its habitat conditions and the treatments used can be found in earlier 
papers by FALIŃSKI (1977, 1986, 2002), ADAMOWSKI and KNOPIK (1996) as well as 
BOMANOWSKA and ADAMOWSKI (2007a). 
Regular observations have been conducted (since 1974) once a year, around 
the end of June and the beginning of July. Until 1995 all the observations were 
carried out by Prof. Aurelia U. WARCHOLIŃSKA, and are continued at present by the 
authors of this paper. The following features were recorded: overall species 
composition, structure of the plant community, appearance of seedlings and juvenile 
individuals of woody species (all seedlings were marked and mapped during the first 
21 years). To fulfil this goal, a phytosociological relevé was recorded from each 
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basic plot by the classical Braun-Blanquet method, while cover for each species was 
assessed in the numerical scale of Braun-Blanquet and in the decimal scale of Londo 
(DZWONKO 2007). Since 2000 the occurrence of spring geophytes has been recorded 
at the end of April or the beginning of May. Since 1984, additional observations 
have been conducted in sector F, which is used to evaluate the effects of the 
anthropogenic modification of the secondary succession process by controlled 
mowing (FALIŃSKI 2002; ADAMOWSKI, BOMANOWSKA 2009). 
The data used in this work were collated in the BGS archive and obtained 
from sector C (former arable field). Data from 17 observation plots were included in 
the analysis (=170m2) because in the five remaining ones (C1 – C3, C12 and C13) 
since 1984 plants have been mown each year after observation and the biomass was 
removed from the plot. 
The total cover of plants was calculated from the cover index values for 
individual species, estimated using Londo scale. The following conversion factors 
for Londo scale were adopted: 0.1 – 0.5% cover, 0.2 – 2%, 0.4 – 5%, 1 – 10%, 2 – 
20%, 3 – 30%, etc. 
The succession pattern was established based on observation data (see 
above), as well as literature data regarding the maximum age of individual tree 
species and their role in forest communities (ZARZYCKI 1979; FALIŃSKI 1997, 1998; 
FALIŃSKI, PAWLACZYK 1991, 1993; DANIELEWICZ, PAWLACZYK 2006). 
The Latin names of vascular flora were used according to MIREK et al. 
(2002). 
 
3. RESULTS 
1. During 36 years of observation in the experimental area, 224 vascular plant 
species classified to 46 families were recorded in total (Fig. 1). Families 
represented by the highest number of species included: Asteraceae (34 species), 
Poaceae (27) and Rosaceae (23). 
2. During individual years of the experiment, the number of recorded species ranged 
from 80 to 107 (Fig. 2). The lowest number of species was recorded in year 13 of 
the study, and the highest number in year 31 of the study. 
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3. Initially, species composition was dominated by short-lived plants associated 
with arable lands, which were quickly replaced by perennials and later by woody 
species. The number of perennials reached its maximum in year 7 of observation 
(Fig. 2). 
4. During the first years of the experiment an important role among short-lived 
plants was played by segetal species remaining after the primary community. 
During the first year of observation 36 segetal species were recorded, but their 
number rapidly decreased, and only 6 species were recorded in year 6 of 
observation. The cover of this species group decreased rapidly along with the 
progress of secondary succession from approximately 35% in the first year to 1% 
in year 6 (Fig. 3). 
5. Three Vicia species were an exceptional case in this group (Vicia angustifolia, V. 
hirsuta and V. tetrasperma), and they reached a maximum cover rate as late as in 
years 7 and 10 of observation (Fig. 3). Up to the present time they demonstrate 
significant frequency, and flower and produce fruits. 
6. Between the second and fourth observation year the study site was dominated by 
Elymus repens, which attained over 40% of cover (Fig. 4). 
7. After the withdrawal of short-lived species during the following dozen or more 
years (especially between years 5 and 16 of the experiment) a significant role 
was played by perennials, including grasses. The two most frequent meadow 
species (Leontodon hispidus and Dactylis glomerata) had the highest cover rate 
in years 15 and 16 of observation respectively, which was followed by their 
withdrawal (Fig. 5). 
8. Despite the withdrawal of the vast majority of perennial meadow species, the 
cover of two grass species (Arrhenatherum elatius and Poa palustris; Fig. 6) still 
continues to increase.  
9. In total, 55 tree and shrub species have occurred on experimental plots during the 
36 years of observation. The first seedlings (Betula, Populus, Salix, Acer, 
Fraxinus) emerged early, in year 2 of observation, but for many years their share 
in the herb layer cover was insignificant. 
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Fig. 1. Taxonomical spectrum of species found in the course of secondary 
succession. 
 
 
 
 
Fig. 2. Number of species observed in the course of secondary succession. 
 
 
 
 
Fig. 3. Percentage cover of segetal species in the course of secondary succession. 
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Fig. 4. Percentage cover of fallow species in the course of secondary succession. 
 
 
 
Fig. 5. Percentage cover of meadow species in the course of secondary succession. 
 
 
 
Fig. 6. Percentage cover of expansive grasses in the course of secondary succession. 
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10. The first individuals of arborescent species outgrew herbaceous plants in year 11 
of observation. In recent years the shrub layer reached an average of 20-25% 
cover (Fig. 7, 8). The shrub layer was mainly formed by trees, initially pioneer 
species (Salix caprea, Betula pendula), and currently, to a larger extent, by 
permanent forest components (Tilia cordata, Carpinus betulus; Fig. 8). So far, 
Salix aurita, has been the only shrub species with a high rate of cover in this 
layer. 
11. The presence of a tree layer was first recorded in year 13 of observation. In year 
21 it had a 50% cover, and after year 23 the canopy cover stabilised at a level of 
60-65%. Initially, it was formed exclusively by pioneer species (Salix caprea, 
Betula pendula, Populus tremula), but currently also contains Acer platanoides 
and Tilia cordata (Fig. 9). Observations from recent years have demonstrated a 
gradual withdrawal of Salix caprea. 
12. Between year 14 and 20 of observation the number of recorded tree species 
increased rapidly (1987 – 12, 1993 – 34). The majority of trees and shrubs 
observed for the first time during that period are species dispersed by birds (Fig. 
10a), and Sorbus aucuparia was the first ornithochorous species, two seedlings 
of which emerged on experimental plots in year 14 of observation. 
13. Melampyrum nemorosum, the most frequent pre-forest species, had the highest 
share in year 29 of observation (Fig. 11). 
14. The share of juvenile specimens of tree species in the herb layer significantly 
increased after the formation of treestand, to reach 18.5% in year 36 of 
observation (Fig. 11). 
15. In recent years the first forest herbaceous plants have occurred under the tree 
canopy (Convallaria majalis in year 26 of observation, Anemone nemorosa in 
year 29, Isopyrum thalictroides and Carex digitata in year 34); however, so far 
their role in the herb layer has been insignificant, due to their very low frequency 
and rate of cover. 
 
 
 
W. Adamowski & A. Bomanowska 57
4. DISCUSSION 
Forest return on abandoned fields has been described by many authors, and 
the obtained data demonstrates that the course of this process is diversified, and 
many secondary succession patterns developed based on empirical studies to a larger 
or smaller extent vary from succession theoretical model (OSBORNOVÁ et al. 1990; 
GLENN-LEVIN 1992; MCCOOK 1994; BARABASZ-KRASNY 2002; FALIŃSKA 2003; 
BALCERKIEWICZ, PAWLAK 2006). 
This results, among other things, from the fact that succession is a process 
strongly determined by starting conditions and surrounding vegetation (GLENN-
LEVIN 1992; MCCOOK 1994; FALIŃSKA 2003). The course of succession can also be 
modified by disturbances occurring during this long process, even if they are 
accidental or highly infrequent (TURNER et al. 1998; VON OHEIMB, BRUNET 2007). It 
has been demonstrated that the turnover of species and appearance of diverse 
floristic compositions in the long-term process of succession cannot always be 
predicted, even in the same object (OSBORNOVÁ et al. 1990; FALIŃSKA 2003, BLATT 
et al. 2005). 
 
4.1. Limitations 
 In the Experimental Garden, the course of succession is influenced by factors 
which do not occur, or whose intensity is different, during a secondary succession 
which is undisturbed by man's influence. The most important of them are 
(ADAMOWSKI, KNOPIK 1996, supplemented):  
1) an increased availability of ornithochorous species propagules, caused by the 
presence in the immediate vicinity of the plots of a considerable number of tree and 
shrub species producing fruits eaten by birds. This is one of the indirect causes of the 
ornithochore seedling "boom" observed in the plot (Fig. 10a). Data by PABJANEK 
(2003), also obtained from Białowieża Clearing as in our study, demonstrated how 
significant this increased availability of propagules is. In brushwood forests of 
several hundred to thousands of square meters in area, and distant from human 
dwellings, PABJANEK (2003) observed the occurrence of single ornithochorous
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Fig. 7. Percentage cover of treestand, shrub layer and ground layer in the course of 
secondary succession (after BOMANOWSKA, ADAMOWSKI 2009, supplemented). 
 
 
 
Fig. 8. Composition of the shrub layer in the course of secondary succession (after 
BOMANOWSKA, ADAMOWSKI 2009, supplemented). 
 
 
Fig. 9. Composition of the treestand in the course of secondary succession (after 
BOMANOWSKA, ADAMOWSKI 2009, supplemented). 
W. Adamowski & A. Bomanowska 59
 
 
 
Fig. 10. Number of seedlings found in the course of secondary succession: (a) 
number of all seedlings and share of ornithochores; (b) number of oak seedlings 
(after BOMANOWSKA, ADAMOWSKI 2009, supplemented). 
 
 
 
Fig. 11. Percentage cover of pre-forest species and woody juveniles in ground layer 
vegetation in the course of secondary succession. 
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species, most frequently Frangula alnus and Sorbus aucuparia, while in our study 
over a dozen species per 170 m2 were found, 
2) a very limited influence of herbivorous animals (European bison, red deer, wild 
boar, roe-deer, hare; only hares and the effects of their activity were already seen), 
caused by fencing in and the proximity of human dwellings; these animals can 
naturally significantly affect the succession process, eating part of the biomass 
produced, mechanically destroying, browsing and debarking young trees, displacing 
and treading seeds into the soil, manuring the soil with faeces, creating favourable 
conditions for germination (by damaging the vegetation and uncovering the inorganic 
soil horizons), limiting the competitive influence of grassy vegetation and so forth. The 
limited influence of large herbivores seems to be a serious shortcoming in our study, 
particularly in view of recent research on the role of these animals in seed dispersal 
(COUVREUR et al. 2005; WILLIAMS et al. 2007; JAROSZEWICZ et al. 2009), 
3) yearly, and concentrated within the short observation period, damaging of plants 
(treading paths, combing the ground-cover vegetation for seedlings, unwittingly 
breaking branches), which may significantly affect the emergence and survival rate of 
the seedlings (seedlings developed in heavily shaded places often fail to survive if 
uncovered suddenly, especially when the weather is hot and dry), 
4) inclusion in the succession process of trees and shrubs that are not native to the the 
Białowieża Forest (Acer pseudoplatanus, Tilia platyphyllos, Pinus strobus, 
Cotoneaster sp., and suchlike; ADAMOWSKI, BOMANOWSKA 2007b, 2008) and whose 
role in the community that is forming is for the time being difficult to predict. 
 In addition, the succession process is largely affected by factors resulting from 
the small size of the research site, for example strong sideways light penetration, litter 
drifting, decreased air humidity in comparison to the interior of the forest community, 
etc. BARKMAN (1989) in his analysis of mixed forest in Northern America, evaluated 
the area of phytocoenosis required for its typical formation per 3 ha. Transitional 
zones may be 10-15, and even 30 m wide. For comparison, the surface of all of 
section C is as low as 400 m2, while its breadth is 15 m. Study plots in our series are 
rather small but this is a compromise between requirements and capabilities 
developed during project design. Each year observations in sector C alone require 
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approximately 20 hours, and the labour intensity increases with the development of 
the vertical community structure and the occurrence of first spring geophytes. 
The fragment of the succession process analysed so far is only 1/10 of its 
predicted duration. Assuming that a researcher is able to actively participate in 
observations for 25-30 years, there will be at least another 10 generations of 
researchers required to complete these observations, and to fully analyse and publish 
the results. 
Owing to the fact that the course of succession is influenced by accidental 
factors, such as extreme weather conditions, mass occurrence of insects and other 
animals, and natural disasters (TURNER et al. 1998; VON OHEIMB, BRUNET 2007), 
making projections far into the future is very difficult. Small size study plots, where 
one tree falling can significantly influence results, are particularly prone to such 
effects. Therefore, our predictions, especially concerning the terminal succession 
stage (Fig. 12), are highly hypothetical. 
 
4. 2. Patterns  
In view of the past observations conducted on experimental plots in the 
Białowieża Clearing, forest return to the abandoned field is a process similar to that 
predicted by the theoretical succession model (Fig. 2, 7, 12). Short-lived plants were 
eliminated by perennials associated with grass communities, which were later 
replaced by tree species. Despite the fact that only 1/10 of the time required for the 
restoration of mature oak-hornbeam forest elapsed (360 years; FALIŃSKI 2001), the 
first forest plants already occurred. In a considerably shorter time (in year 6 of 
observation), plants from this group were observed in the Wielkopolski National 
Park, but the study site there is directly surrounded by patches of oak-hornbeam 
forest communities (BALCERKIEWICZ, PAWLAK 2006), while sector C is located 115-
140 m from the Palace Park border, the most significant source of seed fall (see 
ADAMOWSKI, KNOPIK 1996). 
Forest return on an abandoned field 
 
62
 
W. Adamowski & A. Bomanowska 63
As in many other succession series, fast withdrawal of short-lived species has 
also been observed on the studied plots (OSBORNOVÁ et al. 1990; FALIŃSKI 1986; 
DEBUSSCHE et al. 1991; DÖLLE et al. 2008), except for three Vicia species, i.e. Vicia 
angustifolia, V. tetrasperma and V. hirsuta, which had their maximum cover rate 
when other terophytes almost completely withdrew (ADAMOWSKI, BOMANOWSKA 
2007c; Fig. 3).  The survival of Vicia spp. is possibly associated with the formation 
of a persistent seed bank by them and strong sideways light penetration of the study 
plot. The presence of such early-succession species, albeit most often in a sterile 
form, has also been observed at considerably advanced succession stages in other 
study series (DÖLLE et al. 2008). 
Up to the present time, in the course of the experiment covering 
approximately 1/10 of the duration of the entire oak-hornbeam succession series, 
224 species are involved, which is 70% of the species pool predicted by FALIŃSKI 
(2001). It cannot be excluded that their number will exceed 320, owing to the close 
proximity of study plots to the Palace Park and private gardens with numerous alien 
tree species. A similar number of species was observed in a corresponding study 
series (BALCERKIEWICZ, PAWLAK 2006; DÖLLE et al. 2008). However, this similarity 
largely results from the comparable diversity of local floras and the size of study 
plots. 
Carried out observations (Fig. 2) do not confirm the directional changes in 
species diversity in the course of succession observed by some authors (DEBUSSCHE 
et al. 1991; BLATT et al. 2005). Moreover, it will be difficult to find them in the 
future if predictions by FALIŃSKI (2001) on the number of species involved in the 
formation of the final forest community (90 species) are confirmed. Similar patterns 
of fluctuating species diversity as observed were found in successional studies 
conducted in Germany (DÖLLE et al. 2008). 
Strictly separated successional stages are difficult to distinguish in our series 
of observations. Neither the relay of species theory, nor the initial species 
composition theory have any practical confirmation here. Therefore, we can assume, 
following FALIŃSKA (2003), that in our case succession results more from various 
species replacement mechanisms than from being the consequence of predictable 
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species compositions. Otherwise, it would be difficult to explain the above-
described behaviour of Vicia spp. or the surprising phenomenon of the constant 
increase in coverage for typical grassland species, i.e. Arrhenatherum elatius and 
Poa palustris after the terrain was already occupied by trees (Fig 6; BOMANOWSKA, 
ADAMOWSKI 2007a). 
Interestingly, invasive herbaceous species were almost entirely absent in our 
series of observations. Results of previous studies conducted by the authors on the 
same physiographical area (the Białowieża Clearing) demonstrated that many 
geographically alien plants, including herbaceous plants (Solidago gigantea, 
Erigeron annuus, E. ramosus) are involved in spontaneous secondary succession on 
abandoned farming land (ADAMOWSKI, BOMANOWSKA 2008), while a high number 
of non-native tree species were found in the described series. However, so far it is 
difficult to establish which species will permanently form the restoring forest 
community. The presence of invasive species, such as Solidago gigantea, sometimes 
demonstrating a high cover rate, has also been observed in other succession series 
(DÖLLE et al. 2008). 
The crucial role in the course of the analysed succession is played by two 
species groups which, according to FALIŃSKA (1989) were defined as succession 
promoters and inhibitors. Succession promoters are pioneer tree species: Salix 
caprea, Betula pendula, Populus tremula, whose shading of the soil and production 
of litter contributed to the withdrawal of meadow species (Fig. 7, 9, 12), and also 
provided rest sites for birds dispersing numerous tree and shrub seeds (Fig. 10a; 
BOMANOWSKA, ADAMOWSKI 2007b). The first seedlings of ornithochores occurred 
on experimental plots when the tree layer cover reached approximately 30%, and 
their number rapidly increased during the subsequent years (Fig. 10a; ADAMOWSKI, 
KNOPIK 1996). Numerous Quercus robur seedlings occurred even later (Fig. 10b). 
The succession also seems to be promoted by Melampyrum nemorosum (Fig. 11), 
which dies back quite early in the summer, forming in consequence gaps for the 
germination of forest species. The role of persistent forest components (Acer 
platanoides, Carpinus betulus, Tilia cordata) accelerating succession has been 
pronounced in recent years. A similar role of succession promoters in the region of 
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the Białowieża Primeval Forest is played by woody species (Juniperus communis, 
Populus tremula) in the secondary succession of the coniferous forest series 
(FALIŃSKI 1986, 1998), as well as Alnus glutinosa and Salix cinerea in the riparian 
forest series (FALIŃSKA 1989, 2003). 
Elymus repens, a clonal species, and Leontodon hispidus, inhibiting the 
emergence of tree seedlings owing to its rosette structure, can be considered 
succession inhibitors (BOMANOWSKA, ADAMOWSKI 2007b). Both species reached 
very high cover rates in different phases of the initial stage of the secondary 
succession (Fig. 4, 5): 70% for Elymus repens, and 80% for Leontodon hispidus on 
single plots. The inhibiting effect of these species on the germination of tree seeds is 
confirmed by the very low number (23 specimens) of pioneer tree species in the first 
years of observation, as well as the increase in the number of tree and shrub 
seedlings after the formation of a tree stand and the withdrawal of inhibitors 
(BOMANOWSKA, ADAMOWSKI 2007b). Elymus repens also occurred as a dominant in 
other succession series (OSBORNOVÁ et al. 1990; BLATT et al. 2005), although not 
always during a similar period. 
 
4.3. Prognosis 
In forthcoming years we expect an increase in shrub layer cover associated 
with the growth of numerous lime, hornbeam and oak individuals, as well as 
vegetative colonisation of aspen. Increasing shading and deposition of litter 
demonstrating more forest features should accelerate the withdrawal of the 
remaining meadow plants, as well as Melampyrum nemorosum, and form a gap to be 
colonized by forest species. We expect the occurrence of other forest species in the 
herb layer and the increase of those already present (see Results). 
During the coming decades the treestand cover will probably increase, as 
other lime specimens grow higher and hornbeams reach this layer. The features of 
the litter will then be changed (compare FALIŃSKI et al. 1988) from that composed 
mainly by the leaves of Betula pendula, Salix caprea and Populus tremula, 
promoting meso-xerophilous species, into more easily-degradable litter containing 
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more Tilia cordata and Carpinus betulus leaves, promoting meso-hygrophilous 
species. 
Salix caprea should be the first pioneer tree species to withdraw. This tree 
rarely exceeds ages of 50-60 years (FALIŃSKI 1997), and already, in year 36 of 
observation, it is demonstrating reduced growth speed and vitality (Fig. 9). Betula 
pendula and Populus tremula in forest communities reach ages of 80-100 years 
(ZARZYCKI 1979; FALIŃSKI 1998). Mature individuals of these species have not 
demonstrated reduced vitality on the study plot so far, although they have started 
losing lower branches, and their canopies grow outwards from the plot. Inhibited 
recruitment of Betula pendula has already been observed. Populus tremula ‘crowds 
in’ vegetatively in small-size gaps between the canopies of other trees. Therefore, 
we assume that this species will be the last pioneer tree to withdraw, or it may even 
survive as a component of the final treestand. A similar sequence of self-thinning of 
pioneer tree species was observed by FALIŃSKI et al. (1988) in the restoration of 
oak-hornbeam forest on strip clearcuts in the Białowieża National Park. 
The role of oak, insignificant so far, in the shrub layer and its absence in the 
treestand (Fig. 8, 9) results from the dispersal strategy of this tree and the slow 
growth in the juvenile period (DANIELEWICZ, PAWLACZYK 2006). This species is 
characterised by a relatively high survival rate of juvenile specimens under 
experimental conditions. However, the potential incorporation of Quercus robur to 
the treestand will probably be observed later, by future generations of researchers. 
This incorporation may be inhibited by more shade-tolerant species like hornbeam 
(FALIŃSKI, PAWLACZYK 1993) and lime (FALIŃSKI, PAWLACZYK 1991). 
We expect that the longest time will be required for the restoration of the 
mature vertical community structure. The tallest birch specimens already exceed 20 
m, which is nearly a half of the height attained by the tallest oaks, limes and maples 
in Białowieża Primeval Forest (FALIŃSKI 1986). The trees that will form the future 
treestand are considerably smaller: maples grow 10-12 m high, and limes to 8-9 m. 
The achievement of species combination typical for a mature oak-hornbeam 
forest is rather improbable in these experimental conditions because of the small size 
of the study plot (see “Limitations”). The expected result is rather the development 
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of degenerative forms of oak-hornbeam forest similar to the one described by 
BALCERKIEWICZ and co-workers (BALCERKIEWICZ et al. 1992) – a facies with Poa 
nemoralis, connected with forest edges. The presence of more light-demanding non-
forest species under these conditions is not excluded, especially on the edge of the 
plot. 
Results presented in our paper add to the intense debate on the ideal 
succession model. Even if we assume that the process we describe has a local nature, 
it may still contribute to the explanation of succession causes and mechanisms. 
Individual studies conducted in different geographical regions and habitat conditions 
can establish a useful theoretical background for the design of a new model, and 
even, considering the variety of succession pathways in one area, of several 
succession models. 
 
5. CONCLUSIONS  
• Our study supports the view that succession is a process which is largely 
dependent on the initial conditions and surrounding vegetation. 
• Result obtained up to this moment confirm that undisturbed secondary 
succession on an abandoned field leads from a typical segetal community to the 
formation of a juvenile treestand and allows for the assumption that the forest 
will return to the abandoned field. 
• Forest return to the abandoned field is a process similar to that predicted by the 
theoretical succession model: short-lived plants were eliminated by perennials 
associated with grass communities, which were later replaced by woody 
species. 
• However, our observations do not confirm the directional changes in species 
diversity in the course of succession. Neither the relay of species theory, nor the 
initial species composition theory have any practical confirmation here. 
• Pioneer tree species are succession promoters by shading of the soil and 
production of litter which contributed to the withdrawal of meadow species, and 
also by providing rest sites for birds dispersing numerous tree and shrub seeds. 
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Role of pre-forest Melampyrum nemorosum and persistent forest components 
accelerating succession has been pronounced in recent years. 
• Clonal grass Elymus repens and rosette-forming Leontodon hispidus can be 
considered succession inhibitors. 
• Role of non-native species, especially trees and shrubs, in the community that is 
forming is for the time being difficult to predict. 
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